Preclinical and clinical studies suggest that the administration of the opioid antagonist naltrexone decreases the intake of ethanol. However, the neuroplastic adaptations in the brain associated to reduction of ethanol consumption remains to be elucidated. The aim of the study was to identify gene transcription alterations underlying the attenuation of voluntary ethanol intake by administration of naltrexone in rats. Increasing doses of naltrexone (0.7 mg/kg, 4 days and 1.4 mg/kg/day, 4 days) to rats with acquired high preferring ethanol consumption (43.5 g of ethanol/kg/day) decreased voluntary ethanol intake (50%). Voluntary ethanol consumption altered mopioid receptor function in the cingulate cortex, caudate-putamen (CPu), nucleus accumbens core (Acb C) and shell (Acb S), the expression of tyrosine hydroxylase (TH) in the ventral tegmental area and substantia nigra, proenkephalin (PENK) in the piriform cortex, olfactory tubercle, CPu, Acb C and Acb S, ventromedial nucleus (VMN) and paraventricular nucleus (PVN) of the hypothalamus, corticotropin releasing factor (CRF) in PVN, cannabinoid CB 1 receptor (CB 1 -R) in the CPu, hippocampus and VMN, and serotonin transporter (5-HTT) in the dorsal and median raphe nuclei. The reduction of ethanol intake induced by naltrexone was associated with a blockade or significant reduction of the changes produced by ethanol in the expression of these genes in key regions related to drug dependence. These results point to a role for the m-opioid receptor, TH, PENK, CRF, CB 1 -R, and 5-HTT genes in specific brain regions in the modulation of neuroadaptative mechanisms associated to the decrease of ethanol intake induced by naltrexone. 
INTRODUCTION
Alcoholism is a serious health, social, and familiar problem of difficult solution produced by the conjunction of different complex causes that reflect the interaction of genetic, environmental, socio-cultural, and personal factors (Saatcioglu et al, 2006) . In general, the main objective in the treatment of alcohol dependence is the maintenance of the abstinence and the reduction of seeking behavior to avoid relapse. The development of alcohol dependence is a slow process produced by continuous and repeated consumption of ethanol that results specially damaging to subjects presenting high impulsivity, low self-esteem, and sensation-seeking behavior. The vulnerability to develop any kind of problems related to ethanol becomes even higher in patients with certain psychiatric disorders such as phobias, attention-deficit hyperactive disorder or affective disorders (anxiety, depression, or bipolar disorder) (Hines et al, 2005) . The reinforcing actions of ethanol are enhanced in these situations facilitating the progression to ethanol dependence. It has been proposed that consumption of ethanol stimulates dopamine neurons by acting directly on the nucleus accumbens and by disinhibiting GABA mesencephalic neurons projecting into the dopamine tegmental area (Spanagel and Weiss, 1999; Kienast and Heinz, 2006) . Alterations in dopamine neurons in terminals (nucleus accumbens, cortex) and/or cell bodies (ventral tegmental area (VTA)) of mesolimbic and mesocortical systems lead to loss of neurochemical homeostatic control, contributing to the development of relapse and ethanol dependence (Flatscher-Bader et al, 2006) . The disruption of dopaminergic neuronal activity in the nucleus accumbens is still considered one of the most important neurochemical targets underlying the initiation of impulse control diseases, however, drugs blocking dopamine receptors are not effective treatments of ethanol dependence patients. This idea suggests that the development of ethanol dependence may be the result of multiple neurochemical adaptations in the brain produced by the reinforcing actions of repeated consumption of ethanol in a number of circuits integrated with the reward system.
In the last years, the research in pharmacology has been intense with the hope to identify therapeutic agents that increase the efficacy of treatments of ethanol dependence. In fact, drugs such as naltrexone or acamprosate have been accepted as useful medications in the treatment of alcohol dependence and approved for clinical use. Naltrexone modulates the positive reinforcing properties of ethanol by blocking central opioid receptors and has proved its effectiveness in reducing ethanol consumption in laboratory animals (Bienkowski et al, 1999; Middaugh and Bandy, 2000; Cowen and Lawrence, 2001 ) and in humans (O'Malley et al, 1992; Volpicelli et al, 1992 Volpicelli et al, , 1995 Volpicelli et al, , 1997 O'Brien et al, 1996) . Although these reports reflected behavioral modifications after naltrexone treatment, the neurochemical alterations associated to these changes remain to be determined. Indeed, the blockade of opioid receptors induced by naltrexone represents probably the initial mechanism that triggers a variety of 'neuroplastic adaptations' underlying the reduction of ethanol intake. A few reports indicated that the administration of naltrexone reverted the ethanol-induced increases in extracellular dopamine (Benjamin et al, 1993; Gonzales and Weiss, 1998; Inoue, 2000; Middaugh et al, 2003) , or tyrosine hydroxylase (TH) gene expression in the VTA , decreased the dopaminergic neuronal firing rates activated by ethanol (Inoue, 2000) , induced changes in opioid receptor density (Parkes and Sinclair, 2000) , and in proenkephalin (PENK) gene expression (Cowen and Lawrence, 2001) .
The search of what enzymes or receptors are altered in animals made preferring for ethanol and, in particular, in those with significant decreased ethanol consumption after treatment with drugs as naltrexone may allow to find out potential pharmacological targets to treat more effectively ethanol dependence.
The purpose of this study was to identify what changes in the expression of a number of genes involved in the initiation or the maintenance of ethanol dependence are modified after treatment with naltrexone and in which specific brain regions of the rat are these alterations occurring. To this aim, TH, PENK, corticotropin releasing factor (CRF), cannabinoid CB 1 receptor (CB 1 -R), and serotonin transporter (5-HTT) gene expression and mopioid receptor functional autoradiography were examined in selected brain regions after naltrexone treatment in rats made preferring to ethanol.
MATERIALS AND METHODS

Animals
Male Wistar rats (275-300 g body weight) obtained from Harlan (Barcelona, Spain) were maintained in a temperature and light (23711C, light on between 0800 and 2000 hours) controlled environment. Food and tap water were provided ad libitum. All experiments were performed following the standards of animal care in accordance to National and International Laws for the Care and Use of Laboratory Animals.
Ethanol Intake Protocol
The experiment was divided in three phases: acquisition, maintenance, and treatment. The two-bottle choice paradigm of ethanol consumption was performed along the whole process. Initially, rats were randomly divided into following two groups: (1) 10 rats were submitted to unlimited access to water and (2) 90 rats were constantly exposed to two bottles containing either water or ethanol solutions. During the acquisition phase (12 days), in which animals acquire the ethanol intake behavior, the concentrations of ethanol were gradually increased (2.5, 5, 7.5, and 10% v/v) every 3 days on the ethanol group. In the maintenance (15 days) and treatment (8 days) phases, the concentrations of ethanol were constantly maintained at 10%. At the end of the maintenance phase, animals who reached 43.0 g of ethanol/kg/day (as a minimum criterion) were selected and randomly divided into two groups to evaluate the naltrexone effectiveness to reduce the consumption of ethanol. In order to avoid positional preference intake of the ethanol, the bottles were interchanged in the box every day. The intake of water and ethanol were measured every 5 days during the maintenance phase and daily during the treatment phase. The results of ethanol consumption were expressed in g of ethanol/kg/day.
Naltrexone Administration Protocol
Rats previously selected at the end of maintenance phase were divided into two groups and were administered for a daily single i.p. administration of 0.7 mg/kg of naltrexone (4 days) followed by 1.4 mg/kg of naltrexone (4 days) 2 h before the dark period or equivalent volume of vehicle (saline). After this scalable treatment with naltrexone, rats were killed by decapitation and their brains were quickly removed, frozen over dry ice, and stored at À801C.
DAMGO-Stimulated [
S]GTPcS Binding Autoradiography
Opioid m receptor [ 35 S]GTPgS binding was performed as described previously (Sim et al, 1996) . Twelve micrometers brain sections at the level of caudate-putamen (CPu) were mounted onto gelatin-coated slides and rinsed in assay buffer (50 mM TRIS, 3 mM MgCl 2 , 0.2 mM EGTA, 100 mM NaCl, pH 7.4) at 251C for 10 min, then incubated with 2 mM GDP in assay buffer for 30 min at 251C. Sections were then incubated for 2 h at 251C in assay buffer with 0.04 nM [ 35 S]-GTPgS, 2 mM GDP, and the m-opioid receptor agonist 7.5 mM DAMGO. Basal activity was assessed in the absence of agonist, whereas nonspecific binding was measured in the presence of 10 mM unlabeled GTPgS. Additional brain sections of the naive rats were incubated with 0.04 nM [
35 S]GTPgS, 2 mM GDP, DAMGO, and naltrexone 0.3 mM to test for specificity of agonist receptor activation. After incubation, slides were rinsed twice in 50 mM TRIS buffer, pH 7.4, and once in cold deionized water, air-dried, and exposed to film (Kodak BioMax MR-1, Amersham Iberica, Madrid, Spain) for 36 h.
In Situ Hybridization Histochemistry
Brain sections were cut at 12 mm at three different levels containing the regions of interest. The first level included the CPu, accumbens core and shell nuclei (Acb C, Acb S), piriform cortex (Pir), and olfactory tubercle (Tu); the second level contained the paraventricular nucleus (PVN); the third level included the ventromedial nucleus (VMN) and the hippocampus fields (CA1, CA2, CA3, DG); the fourth level contained VTA and substantia nigra (SN) and the last level corresponded with the median and dorsal raphe nuclei (MnR, DR). All these sections were obtained according to Paxinos and Franklin Atlas (Paxinos and Watson, 1986) , mounted onto gelatin-coated slides and stored at À801C until the day of the assay. ISHH was performed as described previously (Young et al, 1986) ; Amersham, Madrid, Spain) tail to the 3 0 end of the probes. The probe (in 50 ml of hybridization buffer) was applied to each section and left overnight at 371C for hybridization. Following hybridization, sections were washed four times for 15 min each in 0.15 M NaCl, 0.015 M sodium citrate, pH 7.2 (1 Â saline sodium citrate, SSC) at 551C, followed by two 30 min washes in 1 Â SSC at room temperature, one brief water dip, and were then blown dry with air. In order to control for imaging enhancement variables, each set of slides was apposed to the same film (Kodak BioMax MR-1, Amersham, Madrid, Spain) in individualized cassettes.
Image Analyses Quantification
In the autoradiograms from m-opioid-agonist-stimulated [ 35 S]GTPgS autoradiography, optical densities were calculated subtracting in each 'stimulated' measurement its corresponding 'basal' value, as previously shown . The addition of naltrexone completely blocked the signal induced by DAMGO indicating that its effects in these experimental conditions are specific (data not shown).
Autoradiograms from in situ hybridization studies (two slides per level (two slices/slide; two measurements/slice) in each animal) were analyzed with a PC computer using the public domain NIH Image program (developed at the US National Institutes of Health and available on the Internet at http://rsb.info.nih.gov/nih-image). Previous experiments in our laboratory have found that the selected times of exposure to film, in these brains regions, and under our experimental conditions (oligonucleotide probe, radioactivity added to each slide, incubation conditions, type of film selected) renders a hybridization signal whose gray levels are linear with the optical density, according to the NIH Image Program. Therefore, optical densities were calculated from the uncalibrated mode of the Image Program by subtracting from each measurement its corresponding background and expressed in gray scale values. The background measurement was taken from an area of the slice with the lowest nonspecific hybridization signal and subtracted from the hybridization signal measurement in the same slice. Measurements were pooled from brain sections and the values were averaged. Results were presented considering mean control values as 100%. Additional brain sections were cohybridized with a 100-fold excess of cold probes or with RNAse to assert the specificity of the signal. As expected, no hybridization signal was detected in these sections (data not shown).
Statistical Analyses
The analysis of drinking behavior was performed using a two-way analysis of variance (ANOVA) with repeated measures. The factors of variation were treatment and days of treatment as independent variables. Two-way ANOVA followed by Student-Newman-Keuls' test was performed for m-opioid binding autoradiography and in situ hybridization studies. Differences were considered significant when the probability of error was less than 5%. SigmaStat software was used for all statistical analyses.
RESULTS
The behavioral data on ethanol intake were divided in three consecutives phases. At the beginning of the induction phase, the animals drink around 2.7 g of ethanol/kg/day during 2.5, 5, and 7.5% ethanol concentrations. However, when ethanol solution was changed to 10%, animals reached levels of intake higher than 3.2 g ethanol/kg/day. In the maintenance phase, the alcohol intake is kept constant around 3.5 g of ethanol/kg/day. The third phase corresponds to treatment with naltrexone using a scalable dosage administering 0.7 mg/kg (4 days) followed by a dose of 1.4 mg/kg (4 days). As shown in Figure 1 , only the last administration of 0.7 mg/kg of naltrexone was effective to reduce the intake of ethanol. In addition, the second dosage of 1.4 mg/kg of naltrexone further decreased the consumption of ethanol between day 5 and day 8. A two-way repeated measures ANOVA was performed to evaluate differences in alcohol intake during the administration of naltrexone. The factors analyzed were doses of naltrexone, days of treatment, and the interaction ethanol Â treatment between both factors. The results revealed significant differences in doses of naltrexone (F 1,159 ¼ 40.54, po0.001), in days of treatment (F 7,159 ¼ 5.43, po0.001), and in the interaction doses Â days (F 7,159 ¼ 5.52, po0.001). Figure 2 shows the analysis of the m-opioid receptor function in several brain regions after ethanol intake and naltrexone treatment. The results after two-way ANOVA showed a lower DAMGO-stimulated [ Figure 2 show the differences in m-opioid receptor functional activity in the rat brain regions analyzed after chronic ethanol consumption and/or naltrexone treatment.
The effects of chronic ethanol intake and treatment with naltrexone on TH gene expression in the VTA and SN are depicted in Figure 3 . Two-way ANOVA revealed a significant increase in TH mRNA levels after ethanol intake in VTA (23%) and SN (30%) and a significant decrease after naltrexone administration in both brain regions suggesting a tendency to 'normalize' TH gene expression in both regions (VTA (ethanol F 1, 29 Figure 3 representative autoradiograms of coronal brain sections of vehicle, ethanol and naltrexone groups show the differences in TH gene expression in VTA and SN.
The alterations induced in PENK gene expression by ethanol and naltrexone are dependent on the brain region examined (Figure 4) . Two-way ANOVA showed a significant decrease on PENK mRNA levels in the ethanol group in CPu Figure 1 Ethanol intake levels in rats during acquisition, maintenance, and treatment phases. During the acquisition phase (12 days), the ethanol concentration was gradually increased (2.5, 5, 7.5, and 10% v/v) every 3 days in the ethanol group. In the phases of maintenance (15 days) and treatment, the ethanol concentration was constantly maintained at 10%. At the end of the maintenance phase, animals reaching an intake of ethanol 43.0 g of ethanol/kg/ day were selected, randomly divided into two groups and administered with a daily single i.p. administration of 0.7 mg/kg of naltrexone (4 days) followed by 1.4 mg/kg of naltrexone (4 days (25%), Acb C (40%), Acb S (56%), Tu (20%), and VMN (10%), whereas a marked increase (60%) was detected in PVN. Treatment with naltrexone reversed, at least in part, the decrease of PENK mRNA levels found in CPu (10%) and in Acb C (15%) and Tu. However, the administration with naltrexone was unable to block the effects of ethanol intake in Acb S, VMN, or PVN (CPu (ethanol F 1, 34 showing the differences in hybridization signal of PENK mRNA levels in the regions analyzed after chronic ethanol 10% intake and naltrexone 0.7-1.4 mg/ kg treatment are depicted in Figure 5 .
As shown in Figure 6 , two-way ANOVA revealed that CRF mRNA levels in the PVN appeared significantly increased after chronic ethanol (28%). The administration of naltrexone not only blocked this increase but also decreased ( The effects of chronic ethanol intake and treatment with naltrexone on cannabinoid CB 1 -R gene expression in several brain regions are shown in Figure 7 . The two-way ANOVA analysis revealed that intake of ethanol produced a significant increase on CB 1 -R gene expression in CPu (35%), VMN (17%), and DG (33%), whereas treatment with naltrexone blocked these effects (CPu (ethanol F 1, Figure 8 shows the differences in hybridization signal corresponding to CB 1 -R gene expression in the brain regions studied after consumption of ethanol and treatment with naltrexone. Figure 9 shows the effects of chronic ethanol intake and treatment with naltrexone on 5-HTT gene expression in the raphe nuclei. The two-way ANOVA analysis revealed that 5-HTT mRNA levels significantly increased after chronic ethanol in MnR (72%) and DR (25%) and naltrexone reduced (21%) Figure 9 are depicted representative autoradiograms of coronal brain sections at the levels of MnR and DR showing the differences of ethanol intake and the treatment with naltrexone in the hybridization signal due to 5-HTT gene expression.
DISCUSSION
The results of this study provide new evidences of the 'neuroplastic' adaptations produced by prolonged consumption of ethanol in rats made preferring for ethanol and identify key proteins in specific brain regions underlying the decrease of ethanol intake after treatment with naltrexone. The type of experimental design to induce preference for ethanol consumption using the 'two bottles system' may be considered as an animal model of 'problems related to excessive consumption of alcohol'. After an acquisition phase of 12 days followed by a maintenance phase of 2 more weeks, rats were selected on the basis of an intake of ethanol 43.0 g/kg/day. In these 4 weeks, the consumption of ethanol achieved a stable pattern that makes a treatment with naltrexone appropriated. The results of scalable doses of naltrexone 0.7 mg/kg for 4 days followed by an additional period of 4 days at 1.4 mg/kg revealed a significant decrease in the consumption of ethanol, in particular, in the last days of treatment (approximately 50%). The decrease of ethanol consumption after treatment with naltrexone has been shown by different Naltrexone and ethanol intake JM Oliva and J Manzanares laboratories although the magnitude of the reduction in consumption is variable and may depend of the experimental design, the strain of the rat, the duration of the treatment, and the dose employed or the length of the period that rats have been drinking ethanol before initiating the treatment (Benjamin et al, 1993; Myers and Lankford, 1996; Davidson and Amit, 1997; Phillips et al, 1997; Bienkowski et al, 1999; Goodwin et al, 2001; Stromberg et al, 2001 Stromberg et al, , 2002 . In this study, the prolonged consumption of ethanol in rats selected by its preference produced a significant decrease in the functional activity of m-opioid receptors in Cg, CPu, Acb C, and Acb S. The reduction in m-opioid-stimulated [
35 S]GTPg binding in prefrontal cortex induced by voluntary ethanol intake was reported previously (Sim-Selley et al, 2002) , although no differences were found in Cg, CPu, or nucleus accumbens. The reasons that may account for this discrepancy may be related with the fact that these authors used sucrose, a higher concentration of ethanol (15% v/v) than the present study and sessions of 20 min from Monday to Friday, whereas we allowed permanent ethanol consumption without sucrose and at a lower concentration of ethanol (10% v/v). The m-opioid receptor has been considered for a long time a key element related with increased vulnerability to ethanol consumption, the development of ethanol dependence and relapse, and therefore as one of the most important therapeutic targets to control ethanol dependence and craving . Differences in m-opioid receptor densities were reported in rats presenting high and low preference for ethanol consumption (Cowen et al, 1999; Fadda et al, 1999; Sim-Selley et al, 2002) . In addition, mice lacking the m-opioid receptor do not self-administer ethanol (Roberts et al, 2000) . These findings in animal models of alcohol consumption are consistent with clinical studies showing alterations in m-opioid receptors in detoxified alcoholics (Heinz et al, 2005) or with a functional polymorphism of the m-opioid receptor gene associated with naltrexone response in alcohol-dependent patients (Oslin et al, 2003) .
The administration of naltrexone at the doses used in this study failed to alter m-opioid receptor functional activity in any of the brain regions examined of water drinking animals. However, this preferential m-opioid antagonist completely blocked the decrease of m-opioid receptor functional activity induced by ethanol found in the Acb S. These results identify, for the first time, the shell part of the nucleus accumbens as the region where a 'normalization' of m-opioid receptors correlates to a substantial reduction of ethanol consumption after treatment with naltrexone. The precise molecular mechanisms by which naltrexone decreased ethanol consumption are complex and still remain to be elucidated. Considering the results found in this study, it is tempting to speculate that the blockade of m-opioid receptors, in particular in the Acb S, may impede the action of increased release of b-endorphins by ethanol, reducing as a consequence the desire of ethanol consumption. It is interesting to mention that a recent study by Ward (Ward et al, 2006) suggests this accumbal region as the one mediating behaviors in self-administration of foods and perhaps valued substances as ethanol or other drugs of abuse.
For several years, a large body of evidence has pointed the mesolimbic dopaminergic system as the circuit most closely involved in the positive reinforcing properties of natural reward stimuli and drug of abuse such as ethanol (Robbins et al, 1989; Robbins and Everitt, 1996; Spanagel and Weiss, 1999) . In this study, the results clearly showed that a 4-week consumption of ethanol increased TH gene expression in VTA and SN. These increases are fully blocked after treatment with naltrexone suggesting mesolimbic and nigrostriatal circuits as important systems that correlate with decreased intake of ethanol. Previous studies have suggested that naltrexone reduced the ethanol-induced increase in dialysate dopamine levels in the nucleus accumbens (Benjamin et al, 1993; Gonzales and Weiss, 1998; Middaugh et al, 2003) or dopamine neuronal firing rates activated by ethanol (Inoue, 2000) . It is important to note that in these reports the release of dopamine was blocked by acute naltrexone administration. The only study to date which has examined the expression of TH in VTA and SN after several weeks of ethanol consumption, has found that chronic naltrexone administration attenuated the ethanol-induced increase in cell bodies of mesolimbic dopaminergic pathway . These findings further support the results of the present study suggesting that the 'normalization' of gene expression in the VTA is clearly involved in the decrease of ethanol consumption induced by treatment with naltrexone. However, drugs acting directly at dopamine receptors or blocking the dopamine transporter have not been approved yet for clinical use for the treatment of ethanol dependence. In this respect, it is also interesting to hypothesize that this dopaminergic circuit would be more involved in the rapid and first reinforcing actions of ethanol, that is, triggering the initiation of a complex neurochemical process whereas the endogenous opioid system as well as other neuropeptide systems may be considered the support of the maintenance of the drug abuse dependence. In this study, prolonged ethanol consumption produced a significant decrease in PENK gene expression in brain regions integrating a reward circuit, that includes CPu, Acb C, Acb S, and Tu, closely involved in the reinforcement actions of ethanol, whereas markedly increased PENK mRNA levels in the PVN of the hypothalamus. Consistent with these results, a previous report showed decreases in PENK gene expression in the nucleus accumbens and olfactory Tu and increases in the amygdala after several weeks of ethanol consumption (Cowen and Lawrence, 2001) . The relevance of the role of this opioid gene in ethanol dependence is also strengthened by the fact that basal lower PENK gene expression has been related to high vulnerability for ethanol consumption (Gianoulakis et al, 1996; Fadda et al, 1999; Marinelli et al, 2000; Cowen and Lawrence, 2001; Manzanares et al, 2005) . Treatment with naltrexone tended to 'normalize' the decreases found in the reward circuit regions whereas no effects were observed in the PVN. These results suggest that naltrexone was effective on the desire of consumption of ethanol but failed to block the 'anxiogenic' component of repeated ethanol intake as reflected by a 60% increase in PENK gene expression in the PVN.
Exposure to stressful environmental manipulations has been related with increased vulnerability to drug abuse consumption, development of dependence, and high risk to relapse (Piazza and Le Moal, 1996) . In addition, several reports indicated that acute and chronic consumption of ethanol clearly upregulates CRF gene expression in the PVN of the hypothalamus (Rivier et al, 1990; Rivier and Lee, 1996; Liu and Weiss, 2002; Lack et al, 2005; Li et al, 2005) . In agreement with these previous reports, in this study prolonged consumption of ethanol increased the expression of the CRF gene. Interestingly, the administration of naltrexone fully blocked the increase induced by ethanol suggesting that 'normalization' of CRF gene expression in the PVN of the hypothalamus relates to decrease of ethanol consumption. The precise molecular mechanisms by which the administration of naltrexone may regulate the expression of CRF remains to be further examined. However, it is possible to hypothesize that consumption of ethanol would increase the release of opioid peptides, which in turn would stimulate the secretion of hypothalamic pituitary axis hormones and therefore the expression of the precursor gene CRF. Blockade of opioid receptors by administration of naltrexone may partially block these actions reducing as a consequence the expression of CRF. These results further suggest that CRF may be considered an interesting target to control ethanol dependence. Indeed, it is tempting to speculate that the administration of CRF antagonists together with naltrexone may result synergistic in the reduction of ethanol consumption, although further studies are needed to determine the validity of this potential pharmacological association.
In recent years, a large body of evidence points to the endogenous cannabinoid CB 1 -R as a relevant target involved in the vulnerability and development of ethanol consumption (Hungund and Basavarajappa, 2000; Basavarajappa and Hungund, 2002; Hungund et al, 2003; Wang et al, 2003; Naassila et al, 2004; Ortiz et al, 2004a, b; Houchi et al, 2005; Manzanares et al, 2005) . Furthermore, several reports suggest that blockade of the CB 1 -R decreases the intake of ethanol drinking in different animal models (Rodriguez de Fonseca et al, 1999; Lallemand et al, 2001 Lallemand et al, , 2004 Cippitelli et al, 2005; Colombo et al, 2005; Gessa et al, 2005; Economidou et al, 2006) . The results of this study revealed that a 4-week consumption of ethanol increased CB 1 -R in CPu, VMN, and DG of the hippocampus. In contrast, previous studies in our laboratory (Ortiz et al, 2004b) reported decreases in CB 1 -R in several brain regions. The reasons that may explain these differences may be related with the fact that in this previous study we used forced consumption of ethanol with sucrose and the duration of exposure was more prolonged (52 days). Probably, the effects of forced or voluntary ethanol consumption may differentially affect the function of CB 1 -R. Further studies are being carried out to clarify this issue. The administration of naltrexone did not alter CB 1 -R gene expression in water drinking rats but fully blocked the increase induced by ethanol suggesting that the recovery of normal levels of gene expression may be also associated to reduction of ethanol consumption. The mechanisms by which the blockade of the opioid receptor modulate the expression of CB 1 -R remain to be further explored. It is interesting to note, however, that an interaction between opioid and cannabinoid systems has previously reported (for a review see Manzanares et al, 1999 Manzanares et al, , 2005 and that concurrent treatment with opioid and cannabinoid receptor antagonists resulted in synergistic action to reduce ethanol consumption (Gallate et al, 2004) . Taken together, these results suggest that the manipulation of both receptors may be a new therapeutic alternative to reduce craving and to control the reduction of consumption in ethanol-dependent patients. Controlled clinical trials should be carried out to test this hypothesis.
A large number of reports related genetic and functional alterations in the 5-HTT with the occurrence of depressionand anxiety-related disorders associated to alcohol dependence (Heinz et al, 1998 (Heinz et al, , 2000 Turker et al, 1998; Mantere et al, 2002; Oroszi and Goldman, 2004) . Indeed, the manipulation of the 5-HTT by treatment with selective serotonin reuptake inhibitors (SSRI) has resulted beneficial to decrease consumption in animal models of alcohol dependence and in patients presenting alcohol dependence together with depressive-and or anxiety-like symptoms (Murphy et al, 1985; Naranjo and Sellers, 1989; Naranjo et al, 1994; Gulley et al, 1995; Maurel et al, 1999; Naranjo and Knoke, 2001; Kelai et al, 2003) . The results if this study revealed that consumption of ethanol significantly increased 5-HTT gene expression in the DR and MnR. The administration of naltrexone failed to alter the expression of 5-HTT in water drinking animals but significantly blocked the increases induced in ethanol drinking rats, suggesting that the return of the expression of this gene to 'normal' levels may be associated to decrease of ethanol consumption induced by naltrexone. As repeated treatment with SSRI would tend to downregulate the 5-HTT gene, considering the results found in this study, it is possible to hypothesize that concurrent administration of naltrexone and SSRI may result synergistic in this action and therefore may further decrease the consumption of ethanol, not necessarily in depressive alcoholic patients. Further clinical studies are required to test this hypothesis. Although the mechanism by which naltrexone affects 5-HTT gene in ethanol drinking rats is still unknown, a recent report by our laboratory suggests that treatment with an SSRI as fluoxetine decreased endogenous opioid gene expression in brain regions associated to reward . Blockade of opioid receptors by naltrexone may presumably alter opioid gene expression, which in turn would modify the functional activity of 5-HTT gene. Further studies are being carried out to analyze this issue.
In conclusion, this study reveals that development of preference and high consumption of ethanol produces a number of 'neuroplastic' adaptations that include the mopioid receptor, TH, PENK, CRF, CB 1 -R, and 5-HTT in various brain regions of the rat. Interestingly, the decrease of ethanol consumption after treatment with naltrexone is accompanied by a full blockade or a high tendency to return to normal values several alterations previously induced in these genes. It is important to point out that treatment with naltrexone do not simply decreased the gene expression levels induced by ethanol consumption, as this drug failed to alter mRNA levels in control animals. Therefore, the results of this study strongly suggest that naltrexone is contributing to normalize the neuroplastic changes induced by the consumption of ethanol. Therefore, it may be proposed that the decrease of consumption produced by treatment with naltrexone requires a 'readaptation' in those genes that have been modified by the ethanol. Furthermore, the results of this study reveal that drugs designed to 'stabilize' these genes may be potentially beneficial to treat ethanol dependence.
